| INTRODUCTION
Insulin resistance (IR) is a reduced physiological response of the peripheral tissues, such as the adipocytes, liver, and skeletal muscle, to normal levels of insulin. 1 The skeletal muscle is the predominant site of insulin-mediated glucose uptake in the postprandial state, 1 and skeletal muscle IR is considered the initiating or primary defect of IR that is evident decades before β-cell failure and overt hyperglycemia develops. 1 A recent systematic review 2 has showed that the prevalence of IR in youth is associated with a chronic state of low-grade inflammation. A chronic low-grade inflammation and an activation of the immune system are involved in the pathogenesis of atherosclerosis, 3 obesity-related IR, and type 2 diabetes. 4 Although the concept of type 2 diabetes as an inflammatory disease has recently emerged in the literature, there is a growing body of evidence supporting its definition/classification. 5, 6 Presently, there is a growing interest on the health benefits of a healthy skeletal muscle. 7 Muscular fitness (MF) has been recognized as an important component in the pathogenesis and prevention of chronic diseases 8 and is inversely and independently associated with all-cause mortality. 9, 10 Several studies in adolescents showed that MF is negatively associated with markers of IR 7, 11, 12 and low-grade inflammation. 13, 14 The skeletal muscle is a highly energetic tissue that contributes substantially to basal metabolic rate 10 and acts as an endocrine organ expressing and releasing several cytokines in response to muscle contractions. 15 Given that skeletal muscle is the largest organ in the human body and low-grade inflammation has been linked to IR, it is of public health interest to better understand whether the combined impact of MF and inflammation affects insulin metabolism. To our knowledge, there are no studies examining the combined association of MF and low-grade inflammation on IR, in adolescents.
The purpose of this study was 2-fold: (1) to explore the associations between MF and a clustered score of inflammatory biomarkers with IR parameters and (2) to investigate the combined impact of MF and a clustered score of inflammatory biomarkers on IR, in adolescents. The standing long-jump score was determined by the distance between the last heel-mark and the take-off line. hs-C-Reactive Protein, C3, and C4 were determined in serum and fibrinogen was determined in plasma. All assays were performed in duplicate according to the manufacturers' instructions.
| METHODS

| Study design and sample
| Insulin resistance
The homeostatic model assessment (HOMA-IR), calculated as the product of basal glucose (mmol/L) and insulin (μIU/mL) levels divided by 22.5, was used as a proxy measure of IR. 19 
| Anthropometrics
Body height was measured to the nearest 0.1 cm in bare or stocking feet with the adolescent standing upright against a portable stadiometer (Seca 213, Hamburg, Germany). Body weight was measured to the nearest 0.10 kg with the participant lightly dressed using a portable electronic weight scale (Tanita Inner Scan BC 532, Tokyo, Japan). 20 Waist circumference measurements were taken in a standing position, to the nearest 0.1 cm, with a tape measure midway between the lower rib margin and the anterior superior iliac spine at the end of normal expiration. 20 
| Pubertal stage
Participants self-assessed their pubertal stage of secondary sex characteristics (breast and pubic hair development for girls, genital, and pubic hair development for boys; ranging from stages I to V), according to the criteria of Tanner and Whitehouse. 21 
| Socioeconomic status
The socioeconomic status was assessed with the Family Affluence Scale, 22 developed specifically to measure children and adolescents socioeconomic status in the context of the Health Behaviour in School-Aged Children Study.
| Adherence to the Mediterranean diet
To assess the degree of adherence to the Mediterranean diet, the KIDMED index (Mediterranean Diet Quality Index for children and adolescents) was used. 23 Briefly, the index is based on a 16-questions self-administered, which sustain the principles of the Mediterranean dietary patterns, as well as, those that undermine it. The results of index varied between 0 and 12 points. The questions that have 1 negative connotation in relation to Mediterranean diet were equal to (−1), the questions that constitute positive aspect were equal to (+1).
| Cardiorespiratory fitness
Cardiorespiratory fitness was assessed with the 20-m Shuttle Run
Test (20-m SRT). The test was performed according to the standardized protocol and the detailed description of this test can be found elsewhere. 24 We estimated the maximum oxygen consumption (V O2max , mL/kg/min) from the 20-m SRT number of laps performed using the Leger et al' equation (24) .
| Data management
As previously published elsewhere, 14 we computed a continuous score of clustered inflammatory biomarkers (InflaScore) summing the Z-scores by age and sex from C-Reactive Protein, C3, C4, leptin, and fibrinogen. High-risk group was defined as the first tertile and lowrisk group as the second and third tertiles. 14 
| RESULTS
Descriptive characteristics of the participants are presented in Table 1 . Adolescents classified as High InflaScore/Unfit presented the worst cardiometabolic profile, having higher weight and higher waist circumference and lower cardiorespiratory fitness values then other all the 3 groups (P < .05 for all).
Regression analysis (Table 2) As shown in Table 3 , adolescents classified as High InflaScore/ Unfit had the highest odds of expressing high HOMA-IR (OR = 2.40; 95% CI: 1.2-5.6; P = .040) and insulin risk (OR = 2.53; 95% CI: 1.5-5.9; P = .031) when compared to those of the Low InflaScore/Fit group, after adjustments for potential confounders.
| DISCUSSION
The results of this study indicate that (1) MF was inversely and Infla- There is growing evidence suggesting that the systemic lowgrade inflammation is closely connected to the IR and type 2 diabetes. 6 The hypothesis that low-grade inflammation is causally linked to IR is supported by clinical evidence on correlations between inflammatory markers and measures of IR. 26 Balagopal et al 26 found that obesity-related inflammatory state is reversible, at least in part, by a 3-month moderate lifestyle-only intervention. The authors showed reductions in the concentrations of CRP, IL-6, and fibrinogen were observed with negligible changes in body weight and/or BMI, however with a significant decrease in HOMA-IR. The mechanism for which inflammation affects the IR is not fully understood; however, it seems that inflammatory cytokines can affect insulin signaling at the molecular level and similar molecular events may also affect β-cell function. 27 Increasing evidence suggests that MF is an emerging predictor for cardiovascular disease mortality, independently of several risk factors, such as hypertension, obesity, smoking, and cardiorespiratory fitness. 10 Results from previous studies observed that MF (either upper limb alone or combined upper and lower limb) had higher effect than cardiorespiratory fitness on systemic low-grade inflammation 4 , while other authors found the association of cardiorespiratory fitness with clustered metabolic risk to be a slightly stronger than MF. 28, 29 The findings of this study are in agreement with several other studies in adolescents showing that MF is inversely associated with IR. 8, 11, 12, 30 However, none of these previous studies compared differences of the IR parameters by combining groups of inflammatory status and MF in adolescents.
It is currently well accepted that obesity promotes a state of chronic low-grade inflammation and is strongly associated with IR. 4, 27 Adipocytes within the visceral fat depot show substantially higher fatty acid fluxes than superficial subcutaneous adipocytes and is characterized by higher secretion of pro-inflammatory cytokines and lower secretion of the anti-inflammatory adipokine. 27 Importantly for this discussion, our results remained significant even after a fatness parameter (ie, waist circumference) was additionally included as a confounder variable in our analyses.
The findings of our study also support the current physical activity guidelines for children and adolescents which recommends regular engagement in muscle-strengthening activities due to its healthrelated benefits, including the prevention for cardiometabolic risk factors. 31 The data from our aforementioned results guide us to agree with the suggestion that MF could be considered as a general index of MF in youth. 32 The relationship between inflammatory biomarkers and MF on IR in youth has been previously described; This study is subject to certain limitations. First, owing to its cross-sectional design, we cannot infer that our observed associations reflect causal relationships. Second, blood samples only reflect inflammation and IR at a specific time point. Nonetheless, we measured several inflammatory biomarkers, which provided us with a more comprehensive assessment of the inflammatory status of our sample, since we did not rely on only a single marker. In addition, a composite continuum score of inflammatory biomarkers is becoming widely recognized in pediatric research. 13, 14, 36, 37 Despite the cross-sectional design of our study, we showed that MF and a score of low-grade inflammation biomarkers are associated with IR parameters in adolescents after adjustments for potential confounders. Adolescents with a high low-grade inflammation and low levels of MF exhibit the highest risk of IR. Moreover, the results of this study suggest that higher levels of MF could to minimize the deleterious effect of inflammation on adolescent's IR.
